Introduction
============

Smoking is associated with a wide range of serious illnesses including cardiovascular disease \[[@b1-crt-2017-326]\], stroke \[[@b2-crt-2017-326]\], and cancer \[[@b3-crt-2017-326]\]. Among them, cancer has age-standardized rates for incidence and mortality of 290.5 and 87.9 per 100,000 in Korea in 2013, respectively \[[@b4-crt-2017-326]\], highlighting the importance of determining the role of modifiable risk factors for cancer. Therefore, the changes in smoking habits, which include smoking cessation and reduction, play a crucial role in altering the risk of cancer and determining the risk reducing effect of smoking habit change on cancer merits further research.

Smoking cessation has been proven to reduce the risk of various types of cancer \[[@b5-crt-2017-326]-[@b7-crt-2017-326]\]. However, smoking cessation methods have had limited success, with many smokers unable to abstain from tobacco use for longer than one year \[[@b8-crt-2017-326]\]. Due to the low success rate of smoking cessation, smoking reduction, decreasing the amount of cigarettes smoked per day, has been proposed as an alternate strategy to reduce the risk of cancer \[[@b9-crt-2017-326]\]. Previous studies demonstrating the risk reducing effect of smoking reduction on cancer only investigated lung cancer and was based on a Western population \[[@b10-crt-2017-326]\] or a specific population of Korean civil servants aged between 30 and 58 years \[[@b11-crt-2017-326]\]. Particularly, civil servants tend to be younger and have better overall health than the general population that is most susceptible to the development of cancer. Therefore, studies determining the effect of smoking reduction on the risk of cancer in a general Asian population are needed.

Recently, the Korean National Health Insurance Service (NHIS) developed a cohort of Korean citizens who underwent general health screenings from 2002 to 2013, called the National Health Insurance Service--National Health Screening Cohort (NHIS-HealS) \[[@b12-crt-2017-326],[@b13-crt-2017-326]\]. As all Korean citizens aged 40 years or more enrolled in the NHIS undergo biannual general health examinations, NHIS-HealS has the advantage of representing the general population well. Therefore, we conducted a longitudinal study to determine the association between smoking habit change and the risk of developing cancer using the NHIS-HealS database.

Materials and Methods
=====================

1. Study population
-------------------

The Korean NHIS provides mandatory health insurance for Korean citizens covering nearly all forms of health care services \[[@b14-crt-2017-326]\], including biannual health examinations for all dependents aged 40 years or older \[[@b12-crt-2017-326]\]. Overall, 65.3% of those eligible participate in the health examinations \[[@b15-crt-2017-326]\]. The NHIS-HealS database includes data from hospital admissions, outpatient department visits, the Korean diagnosisrelated group (DRG) code, and pharmaceutical prescriptions. Data on demographic profiles, death registries, disability registries, and health examinations were merged with the claims data and anonymized with strict confidentiality guidelines. Numerous previous reports have used the NHIS-HealS database to conduct epidemiologic studies, and its validity has been demonstrated elsewhere \[[@b13-crt-2017-326],[@b16-crt-2017-326],[@b17-crt-2017-326]\].

Among 179,390 male participants aged between 40 and 82 years who underwent health examinations in both the first (2002 and 2003) and second (2004 and 2005) periods, 6,140 smoking initiators (those who were never smokers during the first period and current smokers during the second period) and 4,295 relapsers (those who were quitters during the first period and current smokers during the second period) were excluded. Then, 12,073 men who were diagnosed with cancer before the index date of 1 January 2006 were excluded. Participants who died (n=500) and with missing values on covariates (n=468) were further excluded. Finally, in order to reduce the possibility of reverse-causality, in which having worsening health conditions may have prompted smoking cessation or reduction, 12,843 participants diagnosed with cancer within the first 4 years of follow-up (from 1 January 2006 to 31 December 2009) were excluded. Ultimately, 143,071 men were followed up from 1 January 2006 to 31 December 2013 for newly diagnosed cancer. A list of items included in reports of cohort studies according to the STROBE checklist can be found in the [supplementary materials (S1 Table)](#SD1-crt-2017-326){ref-type="supplementary-material"}.

2. Cancer events
----------------

The primary outcome was newly diagnosed all cancer, smoking related cancer, and lung cancer, which was determined by the 10th Revision of the International Classification of Diseases (ICD-10) code. All cancer was defined as any ICD-10 code starting with C (malignant neoplasms). Smoking related cancer was defined according to the 2014 Surgeon's General Report, which included malignancies of the head and neck (ICD-10 code C00-C14), esophagus (C15), stomach (C16), colorectum (C18-C20), hepatocellular carcinoma (C22.0), pancreas (C25), larynx (C32), trachea (C33), bronchus and lung (C34), bladder (C67), kidney, kidney pelvis, or ureter (C64-C66, C68), or acute myeloid leukemia (C92.0) \[[@b18-crt-2017-326]\].

We defined an event of newly diagnosed cancer when a participant visited the hospital with a diagnosis of an ICD-10 code for cancer and met any of the following additional criteria: (1) made at least three outpatient visits with the same ICD-10 code, (2) was hospitalized for two or more days with the code, (3) received any cancer treatments based on the DRG code for malignancy, or (4) died due to causes related to the code. The date of cancer diagnosis was the first hospital visit date among newly diagnosed cancer patients.

3. Smoking habit change and covariates
--------------------------------------

Participants were grouped according to the baseline smoking status determined by a questionnaire during the first health examination into heavy smokers (≥ 20 cigarettes per day), moderate smokers (10-19 cigarettes per day), light smokers (\< 10 cigarettes per day), quitters, and never smokers. Using the questionnaire from the second health examination, smokers were categorized into continual smokers and quitters. Sustained quitters and never smokers were participants who were quitters and never smokers for both health examination periods, respectively. Ultimately, the study population was categorized into heavy continual smokers, moderate continual smokers, light continual smokers, heavy reducers to moderate levels, heavy reducers to light levels, moderate reducers to light levels, heavy quitters, moderate quitters, light quitters, sustained quitters, and sustained never smokers.

Covariates, extracted between 2002 and 2005, included age, household income, physical activity, alcohol consumption, total cholesterol levels, blood pressure, fasting serum glucose, body mass index (BMI), and Charlson comorbidity index (CCI). Household income was categorized according to each patient's insurance premium status. CCI was calculated using the ICD-10 code diagnoses for major comorbidities between 2002 and 2005 \[[@b19-crt-2017-326]\].

4. Statistical analysis
-----------------------

We performed Cox proportional hazards regression analyses to estimate hazard ratios (HRs) and 95% confidence intervals (CIs) between smoking habit change groups relative to heavy continual smokers for cancer. The assumption of proportionality for the Cox model was graphically tested and verified using the Schoenfeld residual method. Smoking reduction was defined as the reduction in smoking amount between heavy (≥ 20 cigarettes per day), moderate (10-19 cigarettes per day), and light (\< 10 cigarettes per day) amounts. HRs were adjusted for age (continuous, years), household income (categorical, first, second, third, and fourth quartiles), physical activity (categorical, 0, 1-2, and 3 or more times per week), alcohol consumption (categorical, 0, 0-1, 1-2, and 3 or more times per week), BMI (continuous, kg/m^2^), systolic blood pressure (continuous, mm Hg), diastolic blood pressure (continuous, mm Hg), fasting serum glucose (continuous, mg/dL), total cholesterol (continuous, mg/dL), and CCI (continuous).

Statistical significance was defined as a p-value of less than 0.05 in a two-sided manner. We performed all statistical analyses using STATA ver. 13.0 (STATA Corp., College Station, TX).

5. Ethical statement
--------------------

The study protocol was approved by the Institutional Review Board (IRB) of Seoul National University Bundang Hospital (IRB number: X-1701/378-902). The requirement for participant consent was waived as the NHIS-HealS database is anonymized in adherence to strict confidentiality guidelines.

Results
=======

A total of 13,612 newly diagnosed cancer events were observed during 1,102,254 person-years. The distribution of the study participants for each baseline characteristic respective to smoking habit change is shown in [Table 1](#t1-crt-2017-326){ref-type="table"}. Compared to heavy continual smokers, sustained never smokers tended to be older, have higher household income, exercise more, consume less alcohol, and have higher CCI values. Compared to heavy continual smokers, heavy smokers who quit tended to have higher household income, exercise less, consume alcohol less, and have higher CCI values.

[Table 2](#t2-crt-2017-326){ref-type="table"} shows the effect of smoking habit change on the risk of developing all cancer, smoking related cancer, and lung cancer. Compared to heavy continual smokers, moderate continual smokers and light continual smokers had decreased risk of all cancer (HR, 0.85; 95% CI, 0.78 to 0.94 for moderate and HR, 0.88; 95% CI, 0.79 to 0.97 for light), smoking related cancer (HR, 0.79; 95% CI, 0.67 to 0.93 for moderate and HR, 0.69; 95% CI, 0.57 to 0.84 for light), and lung cancer (HR, 0.63; 95% CI, 0.49 to 0.81 for moderate and HR, 0.49; 95% CI, 0.37 to 0.66 for light) in a dose-responsive manner. Similarly, sustained quitters and sustained never smokers had decreased risk of all cancer (HR, 0.79; 95% CI, 0.73 to 0.87 for quitters and HR, 0.76; 95% CI, 0.70 to 0.83 for never smokers), smoking related cancer (HR, 0.60; 95% CI, 0.51 to 0.71 for quitters and HR, 0.47; 95% CI, 0.40 to 0.55 for never smokers), and lung cancer (HR, 0.34; 95% CI, 0.26 to 0.44 for quitters and HR, 0.25; 95% CI, 0.19 to 0.32 for never smokers) in a dose-responsive manner.

Compared to heavy continual smokers, heavy quitters had decreased risk of smoking related cancer (HR, 0.74; 95% CI, 0.56 to 0.97) and tended to have reduced risk of all cancer (HR, 0.87, 95% CI, 0.75 to 1.00). Furthermore, moderate smokers who reduced the amount of cigarettes to light levels had reduced risk of all cancer (HR, 0.82; 95% CI, 0.72 to 0.94), smoking related cancer (HR, 0.74; 95% CI, 0.59 to 0.93), and lung cancer (HR, 0.55; 95% CI, 0.38 to 0.79).

Discussion
==========

In this large-scale longitudinal study of Korean men, we have shown that smoking reduction decreased the risk of developing all cancer, smoking related cancer, and lung cancer. The results of this study add to previous findings \[[@b10-crt-2017-326],[@b11-crt-2017-326]\] demonstrating the risk reducing effect of smoking reduction on lung cancer by showing that smoking reduction decreased the risk of not only lung cancer but also all cancer and smoking related cancer among a large Asian population that represents the general population well.

Recently, two cohort studies have investigated the association between smoking reduction and cancer. In 2005, Godtfredsen and colleagues have shown that compared to continual heavy smokers, reduction of the smoking amount by 50% led to decreased risk of lung cancer (HR, 0.73; 95% CI, 0.54 to 0.98) among 19,714 Danish men and women \[[@b10-crt-2017-326]\]. Similarly, in 2008, Song and colleagues have shown that reducing the amount of smoking from heavy to moderate (HR, 0.72; 95% CI, 0.49 to 0.89) and heavy to light (HR, 0.63; 95% CI, 0.46 to 0.84) led to decreased risk of lung cancer among 479,156 Korean civil servant men aged between 30 and 58 years \[[@b11-crt-2017-326]\]. Our results also demonstrate that smoking reduction led to decreased risk of lung cancer. Furthermore, we have also shown that smoking reduction was beneficial for decreasing the risk of all cancer and smoking related cancer.

Contrary to the results from the study by Song and colleagues \[[@b11-crt-2017-326]\], smoking reduction was associated with decreased risk of not only lung cancer but also all cancer and smoking related cancer in our study. There are several possible explanations for this discrepancy. First, while the study populations from both studies are comprised of Korean men, our study population is composed those aged between 40 and 82 years (compared to between 30 and 58 years) regardless of employment status (compared to civil servants). As age is an important factor in determining the risk of cancer and employment is directly associated with general health status, the innate differences in the study populations in terms of age and employment may have contributed to the significant benefit of smoking reduction for all cancer and smoking related cancer in our results.

While moderate reducers to light levels had decreased risk of cancer, there was a lack of significant risk-reduction among heavy smokers who reduced the amount of cigarettes to moderate and light amounts, which is another difference in our results compared to previous findings \[[@b10-crt-2017-326],[@b11-crt-2017-326]\]. There are several possible explanations for this finding. First, reducers may have failed to maintain the reduced amount of cigarettes after the second health examination and relapsed to the amount originally smoked \[[@b20-crt-2017-326]\]. A previous study examining carcinogenic biomarkers in reducers showed that only two out of 23 smokers were able to maintain their smoking reduction habits beyond 12 weeks \[[@b21-crt-2017-326]\]. Second, even with successful reduction, the intensity at which the reducer inhales his or her cigarette may compensate for the decrease in the number of cigarettes \[[@b22-crt-2017-326]\]. This concept, known as compensatory smoking, is based on previous studies that revealed smoking reduction was not associated with a corresponding reduction in tobacco-related carcinogenic biomarkers \[[@b21-crt-2017-326]\]. Therefore, factors such as failure to maintain the reduced amount and compensatory smoking may have contributed to the lack of significant risk-reducing benefit of smoking reduction when comparing individual groups.

Several limitations must be considered when interpreting the results from our study. First, the responses from the smoking questionnaire may not accurately reflect the participants' actual smoking status, leading to incorrect categorization of smoking status groups. Second, the follow-up duration of eight years may not be sufficient to completely reveal the effects of smoking habit change. Particularly, as cancer is a slowly-developing chronic disorder, a longer follow-up duration may be needed to fully determine the effect of smoking reduction and cessation on the risk of cancer. Therefore, future studies with longer follow-up durations are needed to validate the findings of this study.

Finally, the event of newly diagnosed cancer was based on the health claims data, which may be less accurate compared to cancer events defined by the National Cancer Registry. Nevertheless, a recent study comparing the incidence rates of cancer between the National Cancer Registry and NHIS data in Korea has shown that the incidence rate for cancer using the NHIS data (363.1 per 100,000 people) was similar to that from the National Cancer Registry (361.9 per 100,000 people) \[[@b23-crt-2017-326]\]. Furthermore, another previous study comparing the correlation of breast cancer events between the claims data and national cancer registry data in Japan showed positive predictive values of breast cancer events defined by the claims data ranging from 65.8% to 90.7% \[[@b24-crt-2017-326]\]. Therefore, while future studies using the National Cancer Registry data are needed, previous studies showing high correlation between cancer events from the NHIS and National Cancer Registry data suggest that using the claims data for defining cancer events is appropriate.

Smoking reduction decreases the risk of all cancer, smoking related cancer, and lung cancer. While smoking cessation should be considered the primary management strategy for smokers, smoking reduction may be considered an alternate method of management for those who cannot quit in order to reduce the risk of developing cancer.
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###### 

Descriptive characteristics of the study population

                                     Continual smokers   Reducers     Quitters^[b)](#tfn2-crt-2017-326){ref-type="table-fn"}^   Non-smokers                                                                                 
  ---------------------------------- ------------------- ------------ --------------------------------------------------------- ------------- ------------ ------------ ------------ ------------ ------------ ------------ ------------
  **No. of people**                  6,546               23,142       8,991                                                     3,965         450          3,530        2,905        8,875        5,450        28,326       50,891
  **Age, mean±SD (yr)**              50.0±6.2            51.1±7.1     54.2±9.1                                                  52.0±7.5      55.0±9.0     54.6±9.1     51.4±7.2     51.8±7.5     53.7±8.9     53.7±8.8     54.9±9.0
  **Household income (%)**                                                                                                                                                                                                  
   First quartile (highest)          37.1                37.0         36.6                                                      31.7          28.4         33.6         39.4         41.2         42.6         48.0         42.8
   Second quartile                   31.7                32.5         29.8                                                      34.2          32.4         30.2         31.6         30.4         29.0         28.2         29.1
   Third quartile                    17.7                18.5         20.0                                                      21.5          23.1         21.6         18.2         16.9         16.7         14.9         17.5
   Fourth quartile (lowest)          13.5                12.0         13.6                                                      12.7          16.0         14.7         10.8         11.5         11.7         9.0          10.6
  **Physical activity (%)**                                                                                                                                                                                                 
   None                              49.3                42.0         43.4                                                      48.9          52.7         44.0         56.1         49.9         44.6         34.9         41.5
   1-2 times per week                33.1                38.3         34.4                                                      32.0          29.1         32.6         24.4         29.0         31.3         34.5         31.2
   ≥ 3 times per week                17.6                19.7         22.2                                                      19.1          18.2         23.5         19.5         21.2         24.2         30.6         27.3
  **Alcohol consumption (%)**                                                                                                                                                                                               
   None                              22.3                21.1         23.1                                                      22.8          31.1         25.2         52.7         49.8         43.7         32.0         49.6
   0-1 times per week                15.2                18.9         23.5                                                      17.2          21.3         23.7         15.4         17.5         20.4         23.3         18.4
   1-2 times per week                27.7                36.1         33.3                                                      32.1          27.1         31.4         17.3         21.1         24.9         27.9         21.1
   ≥ 3 times per week                34.9                23.9         20.2                                                      27.9          20.4         19.7         14.7         11.6         11.0         16.8         10.9
  **BMI, mean±SD (kg/m^2^)**         24.2±2.9            23.7±2.8     23.4±2.8                                                  23.9±2.9      23.6±2.9     23.5±2.8     24.5±2.9     24.2±2.7     23.9±2.7     24.3±2.6     24.1±2.7
  **sBP, mean±SD (mm Hg)**           126.4±16.1          126.7±16.2   126.8±16.5                                                126.9±16.6    128.2±17.8   127.6±17.0   127.5±15.8   127.3±16.2   127.2±16.6   128.0±15.9   128.4±16.6
  **dBP, mean±SD (mm Hg)**           80.1±10.9           80.1±10.9    79.8±10.8                                                 80.1±10.9     80.5±11.4    79.8±11.0    80.7±10.7    80.5±10.8    80.0±10.6    80.6±10.6    80.7±10.8
  **FSG, mean±SD (mg/dL)**           102.1±35.0          99.6±30.9    99.2±30.1                                                 100.8±33.5    102.3±34.3   99.9±32.5    101.7±31.9   100.4±30.5   99.1±29.5    99.5±27.4    99.0±28.3
  **Total chol., mean±SD (mg/dL)**   201.7±38.0          197.6±36.0   194.6±35.7                                                198.8±38.0    199.0±39.8   194.3±36.1   201.2±37.6   199.7±37.0   196.0±35.5   197.5±35.6   194.8±35.2
  **CCI (%)**                                                                                                                                                                                                               
   0                                 43.7                46.2         43.0                                                      42.2          35.1         41.6         40.3         41.4         41.3         37.3         37.3
   1                                 29.2                30.7         30.8                                                      30.7          32.4         31.0         30.0         30.7         31.2         32.1         31.4
   ≥ 2                               26.3                23.1         26.1                                                      27.1          32.4         27.4         29.7         28.0         27.5         30.6         31.3

Mod., moderate; SD, standard deviation; BMI, body mass index; sBP, systolic blood pressure; dBP, diastolic blood pressure; FSG, fasting serum glucose; chol., cholesterol; CCI, Charlson comorbidity index.

Baseline smoking status,

Secondary smoking status.

###### 

Effect of smoking habit change on the risk of developing all cancer, smoking related cancer, and lung cancer

                               Continual smokers   Reducers    Quitters^[b)](#tfn4-crt-2017-326){ref-type="table-fn"}^   Non-smokers                                                                           
  ---------------------------- ------------------- ----------- --------------------------------------------------------- ------------- ----------- ----------- ----------- ----------- ----------- ----------- -----------
  **All cancer**                                                                                                                                                                                               
   No. of cases                617                 1,961       939                                                       413           51          351         261         805         492         2,720       5,002
   Person-years                50,588              178,970     68,665                                                    30,409        3,400       26,846      22,420      68,655      42,021      218,538     391,742
   aHR                         1.00                0.85        0.88                                                      0.98          0.92        0.82        0.87        0.86        0.76        0.79        0.76
   95% CI                      Reference           0.78-0.94   0.79-0.97                                                 0.87-1.11     0.69-1.22   0.72-0.94   0.75-1.00   0.77-0.95   0.67-0.86   0.73-0.87   0.70-0.83
  **Smoking related cancer**                                                                                                                                                                                   
   No. of cases                193                 594         274                                                       141           19          117         71          202         134         711         1,083
   Person-years                51,357              181,428     69,848                                                    30,901        3,462       27,278      22,746      69,734      42,647      222,230     399,034
   aHR                         1.00                0.79        0.69                                                      0.99          0.92        0.74        0.74        0.66        0.59        0.60        0.47
   95% CI                      Reference           0.67-0.93   0.57-0.84                                                 0.80-1.23     0.57-1.47   0.59-0.93   0.56-0.97   0.54-0.80   0.47-0.74   0.51-0.71   0.40-0.55
  **Lung cancer**                                                                                                                                                                                              
   No. of cases                85                  222         103                                                       56            12          46          37          77          35          209         311
   Person-years                51,568              182,083     70,125                                                    31,049        3,473       27,394      22,810      69,968      42,810      223,150     400,373
   aHR                         1.00                0.63        0.49                                                      0.82          1.09        0.55        0.81        0.51        0.29        0.34        0.25
   95% CI                      Reference           0.49-0.81   0.37-0.66                                                 0.59-1.15     0.59-2.00   0.38-0.79   0.55-1.20   0.38-0.70   0.20-0.43   0.26-0.44   0.19-0.32

Hazard ratio calculated by Cox proportional hazards regression analysis adjusted for age, household income, physical activity, alcohol consumption, body mass index, blood pressure, fasting serum glucose, total cholesterol, and Charlson comorbidity index (95% confidence interval). Mod., moderate; aHR, adjusted hazard ratio; CI, confidence interval.

Baseline smoking status,

Secondary smoking status.
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